. These observations formed the basis for recognizing some of these tetraphyllideans as the putative sister group of the tetrabothriiids.
Attempts to identify the original homeothermic hosts of the tetrabothriids (e.g., seabirds or marine mammals) have been equivocal. Baer (1932) suggested that pinnipeds were the primary hosts with subsequent colonization occurring independently among cetaceans and marine birds. Baer (1954) later recognized seabirds as primitive hosts, using host specificity as an indicator of relationship among genera and species, and considered that host-switching had occurred secondarily among marine mammals. Galkin (1987) attempted to refute the latter hypothesis for origin and diversification of the tetrabothriids, suggesting that marine mammals, particularly cetaceans, were the initial hosts. Hoberg (1987a) indicated that data were currently insufficient to corroborate any definite pattern of evolutionary 617 relationships for hosts and parasites within the family, but he considered the probability that avian hosts were plesiomorphic.
Although the family has received attention in 2 monographs (Baer, 1954; Temirova and Skrjabin, 1978) the taxonomy and relationships among the genera and particularly for species referred to Tetrabothrius have remained confused. The validity of the 4 subgenera (Tetrabothrius, Oriana, Neotetrabothrius, and Culmenamniculus) suggested on morphological grounds by Baer (1954) and subsequently named by Murav'eva (1975) has not been well established (see Odening, 1982 As the basis for broader studies among the Tetrabothriidae, preliminary phylogenetic hypotheses, presented herein, were developed for generic-level relationships within the family. Completion of analyses among the genera (and later species) will promote the development of a natural classification for the group and provide a means of assessing earlier evaluations of evolutionary relationships (e.g., Baer, 1932 Baer, , 1954 .
MATERIALS AND METHODS
Relationships of 6 genera of Tetrabothriidae were analyzed using cladistics or phylogenetic systematics (Hennig, 1966; Wiley, 1981) . The PAUP computer systematics program (Version 2.4), based on parsimony criteria, was used to construct phylogenetic hypotheses (Swofford, 1985) . The small number of genera in the study group allowed analyses to be conducted with the ALLTREES option; trees were rooted with a designated ancestor and Farris optimization was employed (Swofford, 1985 (Table I) . Plesiomorphic states are coded as 0, apomorphic as 1, 2, or 3. In genera containing species exhibiting both primitive and derived states, specific characters were coded as plesiomorphic.
An integral part of the analysis included calculation of the consistency index (CI), a measure of the fit of specific characters to the hypothetical phylogeny (Farris, 1970). Values for CI were calculated for individual characters and for overall relationships within the family. Additionally, the CI was used as a basis of com-parison of the present analysis with previous explicit phylogenies (Baer, 1932 (Baer, , 1954 ) via the TOPOLOGY function of PAUP (Swofford, 1985) . The genera Tetrabothrius and Chaetophallus are postulated as relatively plesiomorphic with respect to Anophryocephalus, Strobilocephalus, and Priapocephalus (Fig. 1) . The inclusive grouping of these latter genera results from the ventrolateral position of the genital pore (1), relatively long neck (15), and an atrophied dorsal osmoregulatory system (18). A sister group relationship for Strobilocephalus and Priapocephalus is based on 7 synapomorphies, particularly the extent of the testes beyond the osmoregulatory canals (12), ventral aspect of the genital ducts (17), and the reticulate structure of the osmoregulatory canals in the scolex (19).
RESULTS

Characters
Additional foundation for the derived relationship of Priapocephalus resulted from a subsidiary analysis in which all characters of the scolex and genital atrium (19-28; 2, 3) were deleted. Three cladograms of equal length (CI = 77.8%) were found. All differed slightly with respect to the topology of Tetrabothrius, Chaetophallus, and Trigonocotyle but not in the grouping or placement of the AnophryocephalusPriapocephalus clade. This corroborates the character transformation series for the scolex and supports the sister group association of Strobilocephalus and Priapocephalus.
DISCUSSION
Character evolution
Analyses presented herein provide a foundation for postulating several trends in character evolution among the Tetrabothriidae. A suite of characters associated with the scolex has been influenced by hypertrophy of the apical region with concomitant reduction in the complexity and eventual loss of the auricles (as exemplified by Priapocephalus). A parallel situation is apparent in the simplification of the structurally intricate genital atrium, which is most strongly developed among species of Tetrabothrius. Although these characters are of considerable diagnostic importance, their exclusion from the analysis does not substantially alter the topology of the cladogram (Fig. 1) In contrast to "typical tetrabothriids," Priapocephalus was characterized by an absence of auricular structures or vestigial bothridia (Baer, 1954; Temirova and Skrjabin, 1978) . The amorphous, globular scolex characteristic of this genus, in conjunction with a number of plesiomorphic attributes (multiple uterine pores, follicular vitelline gland, elongate cirrus sac and apparent lack of a complex genital atrium) has contributed to the controversy about generic affinities of these cetacean parasites (Baer, 1932 (Baer, , 1954 Temirova and Skrjabin, 1978; Galkin, 1987) . Baer (1932) considered Priapocephalus to be highly derived and close to Strobilocephalus, but he later (1954) suggested independent origins for both genera from advanced Tetrabothrius spp. among cetaceans. Temirova and Skrjabin (1978) considered Priapocephalus and Tetrabothrius as sister groups sharing a common ancestor (prototetrabothriid with tetraphyllidean affinities) while also suggesting that among representatives of the former, the scolex was highly modified.
Following detailed study of scoleces from immature specimens of Priapocephalus, Temirova and Skrjabin (1978) concluded that the globular holdfast actually represented a "pseudoscolex" that was derived secondarily from the anterior proglottids during early development in the definitive host (see Baer, 1954). Their contention was based on the structure of the parenchyma, presence of longitudinal musculature, and osmoregulatory canals. Thus, it was considered that the "true scolex" was lost during the initial stages of development and that the pseudoscolex was not structurally or ontogenetically homologous to holdfasts characteristic of other tetrabothriids. There was also a suggestion of paedomorphosis (postdisplacement; see Fink, 1982) in the ontogeny of the pseudoscolex as development was thought to be preceded by penetration of the intestinal mucosa of the definitive host by metacestodes.
Observations of Priapocephalus and Strobilocephalus during the present study appear to refute contentions by Baer (1954) and Temirova and Skrjabin (1978) concerning structure of the scolex. In both genera, there is a globular holdfast with extensive development of longitudinal musculature. Additionally, the osmoregulatory canals comprise a highly reticulate anastomosing system of tubules that are subtegumental in location. These attributes, in addition to other recognized synapomorphies linking Strobilocephalus and Priapocephalus (Fig. 1) , support the placement of the latter genus and structural homology of the holdfast. However, the potential for paedomorphic development of the scolex in Priapocephalus is of considerable interest. Such a pattern would parallel that known (Hoberg, 1987a) for Tetrabothrius and Anophryocephalus, suggesting a degree of uniformity in morphogenesis of the adult holdfast within the family Tetrabothriidae. This heterochronic sequence in ontogeny of the scolex is thought to be unique among the Eucestoda (Hoberg, 1987a) . 4, 7, 8, 12, 13, 17, 18, 19,  20, 22, 26) and evolutionary reversals (1, 2, 3,  5, 9, 14, 15, 22, 23, 24, 25, 26, 27 ) of 11 and 13 characters, respectively. Figure 3 was drawn to recognize Baer's (1954) contention that avian tetrabothriids were primitive and that 2 advanced lineages were apparent among genera in mammalian hosts. Consequently, Chaetophallus, with the "classical type scolex," represents species of Tetrabothrius that Baer (1954) considered to be among the most primitive of those occurring among avian hosts (Procellariiformes). Extensive radiation of Tetrabothrius spp. occurred among seabirds but was apparently accompanied by minimal morphological diversification of the scolex (Baer, 1954). In contrast, species of Tetrabothrius among marine mammals were thought to be derived from those among seabirds with subsequent evolution involving trends in the reduction of the bothridia and atrophy of the apical region (Baer, 1954; Rees, 1956 ). Thus, Trigonocotyle was considered as originating independently from this latter group of Tetrabothrius spp. with continued alteration of the auricles and atrophy of the apical zone. However, hypertrophy of the apical region was postulated for Anophryocephalus, Strobilocephalus and Priapocephalus, with the latter also being independently derived from Tetrabothrius spp. among cetaceans. These hypotheses for independent derivation, adaptation, and convergence account for the increased length of the tree, and 7 of 11 cases 
Conclusions
The present analysis constitutes a more efficient phylogenetic hypothesis for generic-level relationships within Tetrabothriidae than those provided in previous studies. Characters of the scolex and genital atrium have been the primary attributes considered in earlier evaluations (Baer, 1932 (Baer, , 1954 Rees, 1956; Temirova and Skrjabin, 1978) . Although such were important in the current study, a suite of other homologous characters, not previously considered in evolutionary studies of the family, strongly supported the cladogram. In concordance with some previous studies, Tetrabothrius was postulated as relatively plesiomorphic (Baer, 1954; Rees, 1956; Temirova and Skrjabin, 1978; Galkin, 1987; Hoberg, 1987a ) and the natural grouping of Anophryocephalus, Strobilocephalus, and Priapocephalus was reinforced (Baer, 1932; Hoberg, 1987a). Completion of phylogenetic analyses of genera and species of the Tetrabothriidae will provide for development of a natural classification for the group, an objective means of assessing previous phylogenetic hypotheses for relationships among species (e.g., Baer, 1954), and a basis of comparison to determine the degree of congruence between the phylogenetic histories of parasites and hosts as an indicator of parasitehost coevolution or colonization (see Brooks and Wiley, 1986; Brooks, 1988) . The latter also may promote an evaluation of the role of parasite adaptive radiation in the evolution of this marine parasite fauna (see Brooks et al., 1985b; Hoberg, 1986 Hoberg, , 1987a .
